Water is an important element of life, while every industry in its processes uses an important amount of water. Following processes, the water is contaminated and requires water treatment technologies. Unconventional methods to wastewater treatment, in the last years, use membrane technology as one of the most reliable processes for contaminants removal. In this article, the influence of the different concentrations of polysulfone (PSf) on the polymeric membranes properties was studied. These membranes were obtained through phase inversion method and with different polymer concentrations: 23, 25, 27 and 30 wt.%. The performance of the membranes was studied by pure water flux, permeability and retention. It has been observed that by increasing the polymer concentration, the pure water flux and the permeability will decrease. Retention was determined using methylene blue, which is one of the most utilized dye from industry and it could be observed that by increasing the polymer concentration the retention degree of the pollutant also increases. In order to explain the evolution of membrane permeability at different polymer concentrations, surface hydrophilicity by contact angle method and cross-section SEM imaging were used.
The contaminated water can be treated by applying an alternative method like membrane removal technology [1] . Big quantities of wastewater are generated from various industries which are considered as the major threat of environment [2] [3] [4] .
Polymeric membranes technology is using pressure as driving force and can be used to separate two different phases [5, 6] . In this study liquid-liquid separation is used. Applying membrane separation to remove particles with different dimensions (micro and macro) depends if the process is microfiltration or ultrafiltration [7] . Ultrafiltration is a process widely used in multiple industries to separate pollutants or to recover some substances like in water treatment, in chemical and pharmaceutical industry [8] . Membranes used in ultrafiltration (UF) are obtained by phase inversion technique [9] and involves morphology characteristics: thin dense layer, porous support layer [10, 11] . Membrane nanofiltration is a process that is used often to remove synthetic organic compounds, water hardness, natural organic matter and also ions [12] .
Due to the strength of separation and selectivity properties given by the polymeric membranes, researchers all around the world have become interested [13] . In comparison with the conventional technologies, the membrane technology uses less energy and less space [14, 15] .
The polymer solution introduced in the non-solvent bath (pure water) occurs the evaporation of the solvent from the solution, this phenomenon has a strong influence on the transport properties [16] . The obtained membrane has two layers, the support layer offers mechanical strength and the top layer formed by the polymer solution is a dense layer which retain impurities from the pollutant [11] .
Fouling is a phenomena which occurs on membrane technology because of particles blocked on the membrane structure [17, 18] that reduce the permeate flux [19] . By blocking the membrane pores with foulants it can been seen that pure water flux is reduced [20] , this phenomena is most common in membrane as fouling [21] . Fouling problems can be avoided by increasing the hydrophilicity of the membrane, because this type of membranes are more attracted to water [22] . On the other hand, hydrophobic membranes present low water flux [23] [24] [25] [26] and can suffer severe problems of fouling. This is the main reason for studying the influence of membrane properties on their performance [24] . To improve membrane properties, the membrane structure can be controlled by different techniques like chemical treatment, blending and coating to increase the water permeability of the membranes [22] .
Polysulfone is a polymer with good mechanical strength, chlorine tolerance and thermal stability [26] [27] [28] [29] , it is used in membrane technology especially in ultrafiltration [11, 30] . Polysulfone is a hydrophobic polymer, that means is nonwettable by water and requires high pressure for water to pass to the membrane pores [31] .
Experimental part Materials and membrane characterization
The polymer solution was obtained by dissolving polysulfone (PSf) in solvent 1-methyl-2-pyrrolidone (NMP, 99%), all the materials were purchased from SigmaAldrich. The polymer solution was applied on the support layer (Viledon FO2471) obtained from Freudenberg (Winheim, Germany).
Membrane preparation
The polysulfone with different weight percentage was added in the solvent under continuous stirring. The manufacturing process was based on phase inversion process from liquid phase to solid phase. The polymer and the solvent concentrations used to obtain the membranes are presented in table 1.
The membranes were obtained by applying a thin film of the solution on the support layer using the Automatic Film Applicator PA-2101 (BYC-Gardner GmbH) and a special knife to provide the required film thickness [32] .
The film was immersed in a bath of distilled water for at least 15 min. The membranes formed were washed with distilled water and stored wet, until characterization.
Membrane characterization Flux and permeability of membranes
All permeation experiments were carried at operating pressures ranging from 6 to 12 bar in a Dead-End stirred cell (Sterlitech HP4750 Stirred Cell).
The pure water flux was studied by measuring the filtration time of 5 mL for a total volume of 150 mL and calculated by the following relation: (1) where:
and ∆t -filtering time of permeate volume [h] [34] .
The relative flux of the membrane, the relation between initial pure water flux of the membrane and the retention flux, is obtained by using the relation: (2) where:
h] To determine the permeability of the membrane, the pressure gradient was varied and then applied to the filter cell, then the time unit for 10 mL of distilled water was measured.
Permeability of pure water was calculated using the pure water flux (J W ) and operating pressure (∆P) according to the relation: (3) Surface hydrophilicity of studied membranes
The hydrophilicity property refers to the affinity of a surface for water. If the surface is hydrophilic, the contact angle between the water droplet and the observed surface is as small as possible, and if the contact angle is greater, then the surface is more hydrophobic.
Polysulfone is a hydrophobic material, and the obtained membranes are influenced both by the used polymer and by its concentration.
The surface hydrophilicity was evaluated by using a contact angle goniometer (OCA 15EC, DataPhysics). The samples were dried at 50 o C for 24 h and the dropping was repeated for several times for each sample.
Retention test
Retention properties of the obtained membranes, with four different concentrations of polysulfone, was tested with a solution of methylene blue (molecular weight: 319.85 g·mol -1 ) with concentration of 100 ppm, because the removal of dyes from wastewater from textile industry is considered an environmental challenge [34] . The concentration of the dye solution was determined spectroscopically using the HACH DR 5000 UV-Vis Spectrometer (Hach Lange GmbH, Germany).
The ratio was calculated using the following formula: (4) where: C 0 represents the concentration of the dye in the initial solution (100 ppm) and C f is the concentration of the obtained solution.
Results and discussions
Measurements of pure water flux and permeation
The influence of the polymer concentration on the membrane flux was studied by analyzing four different concentrations of polysulfone: 23, 25, 27 and 30 wt.% ( fig.  1 ). . h], meaning a decrease in pure water flux of 36%.The antifouling property of membranes is measured by the relative flux between pure water flux and dye flux. When the relative flux value tends to 1, fouling is at minimum. On the other side, if the relative flux tends to 0, fouling is at maximum and the membranes are not a good choice for filtration. In the figure 2 it can be seen that the membranes with a concentration of 23 wt.% (PSf-1) and 27 wt.% (PSf-3) has lower relative flux compared with the membrane PSf-2 and PSf-4. The membrane PSf-2 has the highest and the most stable relative flux, meaning that fouling is almost non-existent. For the membrane PSf-4 the retention of 150 mL of dye has also a low fouling phenomena. This phenomenon mainly is caused by adsorption or Fig. 2 . The evolution of relative flux of membrane crystallization, possibly enhanced by pore blocking and/or cake formation [35] .
Membrane hydrophilicity
Modifying the membranes by increasing the concentration of the polymer in the coagulation solution, results in influences on the hydrophilicity properties of the membranes. In the present case, the membranes were obtained from the same polymer but with four different concentrations. It is observed that the higher polymersolvent ratio, the more rejecting water property of polysulphone is accentuated. In other words, the membranes with 30 wt.% PSf are more hydrophobic than those with lower concentrations.
As seen in figure 3 , the contact angle increases with the concentration of the polymer while, the porosity of the membrane decreases as the polymer concentration increases. The higher concentration of polymer in the membrane means that the solvent in the solution has a lower ratio and when it evaporates it forms smaller pores. This may explain the decrease in membrane porosity while the polymer concentration is higher. Figure 5 shows cross-section SEM images of different membranes prepared with different concentrations. In this figure, it can be seen that the formed membranes have an asymmetrical structure consisting of a dense top layer and a porous substrate. The substrate appears to have fingerlike cavities as well as a macrovoid structure.
Membranes morphology
These finger-like cavities and the macrovoid structure, as seen in figure 5 , differ depending on the increase in PSf polymer concentration. At the time when the porous substrate exhibits an elongated pore structure, such as the PSf membrane with 23 wt.%, it usually leads to increased permeability ( fig. 2) .
By analyzing the samples, it is observed that if the polymer concentration is lower, the upper layer of the membrane is thicker and the pore size is higher. In contrast, for membranes with a concentration of 30 wt.% PSf, the upper layer is thinner with pores even smaller in size. 
Rejection measurements
The different concentrations of polymer have an influence on the retention tests of methylene blue dye. The membrane PSf-4 has better retention because of its morphological structure caused by the higher polymer concentration that provides two different layers of pours structures, phenomena reported also by Ciucureanu A. et. all. [36] . 
Conclusions
Polysulfone ultrafiltration membranes were fabricated by phase inversion technique with different polymer concentration. The retention of the samples was improved by the high polymer ratio but the flow and the affinity to water decreased.
The flux and the rejection performance of PSf membranes changed by changing the polymer concentration, the permeability decreased from 27.92 L/ m²·h·bar for 23 wt.% PSf to 4.74 L/m²·h·bar for 30 wt.% PSf, respectively the retention increased from 29.61 % (23 wt.% PSf) to 59.65 % (30 wt.% PSf). The samples with more porous structure show good properties through a relatively higher flux in short term test.
Analyzing the polymer concentration influence on the membrane properties, the best retention for tested membranes is that of membrane PSf-4 (with 30 wt.% PSf) due to the top layer with small pores. The retention of this membrane increase in rejection of methylene blue dye can be related to a moderate reduction in the porosity that results in a decrease of the water permeation.
Usually, in the attempt to improve membranes, it has been observed in literature that the growth of a property leads to the decline of another property. In the present case, a favorable choice would be the optimal ratio between retention and permeability, obtained by membrane PSf-2.
In addition, water quality requirements vary from industry to industry. To this extent, for the industry where the severity of water quality and purity control is not so high, one can opt for the type of membrane that has the highest flux even if the retention capacity is low. On the other hand, if water quality is considered a priority, it is imperative to focus on high retention capacity at the expense of lower flux. All the membranes studied in this article can be adapted according to the needs demanded by industries.
